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Description 

A. Field Of The Invention 

s The present invention is related generally to the detection of protein; and more particularly, to a novel method for 

the determination of protein in a biological sample using novel protein error indicators. 

B. Description Of The Background Art 

10 Determining the presence of protein in a biological sample is of utmost importance in the diagnosis of several 

pathological conditions affecting the kidney, circulatory system, and central nervous system. Frequently, it is necessary 
to qualitatively and quantitatively measure protein (albumin) in urine. This is especially important in the diagnosis of 
diabetes, and kidney disease. The predominant protein in diabetes is albumin; hence the model system for protein 
urine testing is albumin. 

is Methods for determining the presence of albumin in urine are well known. The most inexpensive and convenient 

method for albumin determination involves wetting a paper test strip with a small quantity of urine. The test strip is 
impregnated with a protein error indicator. If albumin is present in the sample, the test strip will indicate this by simply 
changing color. The color observed may vary depending on the concentration of albumin in the sample. This variable 
color change is used to quantify the albumin in the sample. Test papers of the above-type require a minimum of training 

20 to use correctly. These test strips provide an accurate, convenient, and rapid vehicle for the on-the-spot determination 
of protein. Test papers such as these are widely used by technicians in clinical laboratories, as well as by physicians 
in their offices. 

In more detail, these test strips include an absorbent carrier strip, i.e., paper, impregnated with a buffer, a polymer/ 
surfactant (required for stability, wettability or to prevent leaching of the buffer), and a protein error indicator. Substan- 
25 tially all protein error indicators used in commercial dry phase tests are phenolsulfonephthalein derivatives sharing the 
basic structures below: 



30 



35 




Structure A represents the general structure of phenolsulfonephthalein derivatives in protic solvents (water, alco- 
hols, etc.) while structure B represents the form that predominates in the dry state or in aprotic solvents (ethers, ace- 
tonitrile, etc). Generally, phenolsulfonephthalein derived protein error indicators are represented as structure B. For 
40 purposes of consistency the protein error indicators of the present invention which are phenolsulfonephthalein deriv- 
atives will be represented using structure B. It should be understood, however, that the protein error indicators of the 
present invention which are phenolsulfonephthalein derivatives can also exist as structure A. 

Protein error indicators are pH indicators including an ionizable group which has a pKa value that is displaced by 
the presence of protein. In the case of phenolsulfonephthaleins, the ionizable group is the C ring phenolic hydroxyl. 
45 The pKa value of a phenolsulfonephthalein indicator is the pH value at which one-half of the number of indicator mol- 
ecules include deprotonated C ring phenolic hydroxyl group. 

With regard to the phenolsulfonephthalein protein error indicators illustrated above, twodeprotonation events occur 
in order to cause an observable color change. The first deprotonation removes the proton from the aryl sulfonic acid 
to yield the compound illustrated below: 

50 



55 
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The pKa of this proton is less than one. Thus, this moiety is ionised at all useful pH values. This ionized group is also 
responsible for the aqueous solubility of these compounds. 

The second deprotonation involves releasing a proton from the C ring phenolic hydroxyl to yield the dianion below: 

15 



20 




In protein error indicators, this second deprotonation causes the observable color change which is indicative of protein 

25 in the sample being tested. 

The buffer provides the indicator an environment of constant pH in which to function. Thus, when the test strip is 
dipped into a biological fluid, which often has a significantly different pH value from the buffered environment, the 
indicator is not influenced by the pH of the biological fluid. This ensures that any subsequent color change in the 
indicator is a result of a shift in the indicator's pKa value and not a result of the pH of the sample being tested. 

30 Test strips which are generally considered useful for the analytical determination of protein in a biological sample 

are described in United States Patent No. 4,013,416. The test strips described therein include an absorbent carrier 
impregnated with a water immiscible polypropylene glycol, a buffer, and a protein error indicator of the octahalosul- 
fophthalein group. The octahalosulfophthalein indicators are phenolsulfonephthalein derivatives halogenated at the 3', 
3", 5', 5", 3,4, 5, and 6 positions. According to the patent, test strips including octahalosulfophthalein and water immiscible 

35 polypropylene glycols are disturbed less by interfering nitrogen-containing compounds in the test sample than test 
strips including other phenolsulfonephthalein indicators and wetting agents. 

Although the test strips described above are less disturbed by nitrogen-containing compounds in the sample, they 
and other presently available test strips suffer from several common serious disadvantages. Presently available test 
strips have background negative coloration which could lead to a misdiagnosis. For example, the indicators of the 

40 octahalosulfophthalein group are yellow colored in the absence of albumin. Subsequently, when albumin is added to 
the sample, the color changes from yellow to yellow-green to green, depending on the concentration of albumin in the 
sample. This background coloration is especially troublesome when it is considered that the biological fluid most often 
tested is urine which is normally colored yellow to yellow-green. Thus, the small change in the color of the test strip 
caused by trace amounts of albumin, i.e., from about 10 to 30 mg/dl (milligrams per deciliter) in urine could easily be 

45 masked by the color of the sample itself and go undetected. This problem is further compounded since these test strips 
are used by minimally trained technicians who may experience increased difficulty in interpreting the observed results. 
Because medical treatment is often initiated based on the results of these tests, the accurate interpretation of the 
results is imperative. Further, presently available test strips are not sensitive enough to detect very low levels of protein. 
Urinary albumin levels of from about 3 to about 10 mg/dl are significant in diagnosing several life threatening pathol- 

50 ogies, such as diabetes and kidney disease. Nevertheless, test strips presently available cannot accurately detect 
albumin below about 10 mg/dl to 15 mg/dl. 

Accordingly, to overcome the shortcomings discussed above, it would be extremely advantageous to provide a 
protein error indicator which is a color other than yellow in the absence of protein. It would provide an additional ad- 
vantage if a protein error indicator was provided which presented one color other than yellow in the absence of protein 

55 and a second color clearly distinguishable from the first color in the presence of protein. It would be even more advan- 
tageous if the protein error indicator accurately and clearly indicated whether albumin was present at concentrations 
below those presently detectable. A still further advantage would be realized by providing a test strip including such a 
protein error indicator. 
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Summary Of The Invention 

The present invention provides an analytical test strip for the detection of protein in a biological sample comprising 
an absorbent carrier impregnated with the phenolsulfonephthalein protein error indicator compound: 

Y Y 




X is -CI, -Br, or -I, 
Y is -N0 2 or -NO; 

Z is -CI, Br, or -I; and the merocyanine protein error indicator compound: 




Q is -CI, -Br, or - I; 

m is an integer from 1 to 6; 

R is S : Se, O, or C(C n H 2n + 1 ) 2 > wherein n is an integer from 1 to 6; and T is -SO" 3 or -H. In accordance with one 
embodiment of the invention X is -I, or -Br; Y is -N0 2 ; Z is -Br, or -CI; m is 3 or 4; R is C(CH 3 ) 2 ; and T is -SO" 3 . 

In accordance with a further aspect of the present invention, an analytical test strip is provided for the detection 
of protein in a biological sample comprising an absorbent carrier impregnated with the phenolsulfonephthalein protein 
error indicator compound: 



r'' y' 




wherein: 

X is -CI, -Br, or -I, 
Y 1 is -N0 2 or -NO; 
Y" is -CI, -Br, -I; 

Z is -CI, -Br, -I; and the merocyanine protein indicator compound: 
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10 Wherein: 

Q is CI, Br, or -I; 

m is an integer from 1 to 6; 

R is S, Se, O or C(C n H 2n + 1)2, wherein n is an integer from 1 to 6; and T is -SO" 3 or -H. In accordance with one 
is embodiment of the invention X is -I, or -Br; Y is -N0 2 ; Z is -Br, or -CI; Q is -Br or- I; m is 3 or 4; R is C(CH 3 ) 2 ; and 

T is -SO-3. 

Another aspect of the present invention is directed to a method for the detection of protein in a biological sample. 
The method includes the step of wetting an analytical test strip with the biological sample. The test strip comprising 
20 an absorbent carrier impregnated with the protein error indicator compounds described above. The test strip is then 
observed to detect any color change. A color change is indicative of protein in the biological sample. 

According to one embodiment of the invention the test strip is stabilized against heat stress. The protein assay 
(test strip) includes, for example, glycerol or sorbitol in addition to the color enhancing polymer, such as, polypropylene 
glycol, to provide heat stability. Also, it has been discovered that by replacing the standard citrate buffers used in protein 
25 assays with glycine thermal resistance is improved. 

Brief Description Of The Drawings 

FIG. 1 is a schematic of processes for the synthesis of nitroso substituted phenolsulfonephthalein protein error 
30 indicators; 

FIG. 2 is a schematic of processes for the synthesis of nitro substituted phenolsulfonephthalein protein error indi- 
cators; 

35 FIG. 3 is a schematic of processes for the synthesis of merocyanine protein error indicators; 

FIG. 4 illustrates dose response curves of analytical strips impregnated with 5 l ,5"-dinitro-3',3"-diiodo-3,4,5,6-tetra- 
bromophenolsulfonephthalein (DIDNTB), 1 -(co-sulfopropyl)-2-(4'-hydroxy-3',5 , -diiodostyryl)-3,3-dimethylindolen- 
inium betaine (SPDIB) and a polypropylene glycol having a molecular weight of 2000 (-A-), and Albustix (-■-); 

40 

FIG. 5 is a bar graph illustrating the dose response of analytical test strips impregnated with DIDNTB and SPDIB 
alone (-■-), DIDNTB, SPDIB and Fenoil D4030 (-0-), DIDNTB, SPDIB and P-2000 (-□-), DIDNTB, SPDIB and 
KOK 10,071 (-B-), and DIDNTB, SPDIB and Lutanol I30 (-§-). 

45 Description Of The Preferred Embodiments 

In accordance with the invention, it has been discovered that test strips for the determination of protein in biological 
fluids having a significantly increased sensitivity to protein can be obtained by preparing an analytical test strip including 
the above protein error indicators. 

50 Jest strips including the below-described combination of protein error indicators are light peach, and on immersion 

into a biological sample containing protein become strongly colored green, blue, or purple, the color reflecting the 
concentration of protein in the sample. The green color produced is clearly distinct from the light peach of a negative test. 

With reference to the observable color change from light peach to green, blue, or purple, tests strips in accordance 
with the present invention are a diagnostic aid for the detection of protein in biological fluids by producing a different 

55 and distinct color in the presence of protein which is clearly distinguishable from the light peach of a negative test. This 
is distinguishable from other test strips which change slightly from one shade of a color to another in the presence of 
albumin : e.g., yellow to yellow-green. The characteristic of light peach for a negative test, and green, blue or purple in 
a positive test is seen as a significant departure from previous methods and indicators used to detect protein in biological 
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samples. More specifically, the invention provides clinicians with a reliable, simple and accurate method for detecting 
protein in biological samples. The change from light peach to green, blue, or purple color makes the results of the test 
simple to interpret. This will result in less misdiagnosis, and accordingly, lower costs for the patient and health care 
provider. 

Further, test strips prepared in accordance with the present invention positively detect a range of from about 2 to 
about 500 mg/dl of protein in a sample. Prior to the present invention albumin concentrations of less than about 10 
mg/dl were not accurately detectable. The detection of protein at these very low concentrations using the present 
invention makes possible the early diagnosis of several life threatening pathologies, including diabetes and kidney 
disease. For example, the detection of albuminuria at levels of 3 mg/dl and above will help clinicians to better diagnose 
diabetes in its early stages. In light of this significant advancement in the diagnosis of disease obtained with the ab- 
sorbent strips of the present invention, the combination of protein error indicators in the test strips of the present 
invention provide a significant advancement in the art. 

The present invention achieves the above-described significant advantages by providing a novel combination of 
protein error indicators in an analytical test strip for the detection of protein in a biological sample. The invention is 
directed to an analytical test strip including a partially halogenated phenolsulfonephthalein protein error indicator com- 
pound having nitro or nitroso substituent groups in the B and/or C rings, and a merocyanine protein error indicator. 
Until the present invention merocyanine dyes were unknown as protein error indicators. It is believed that the phenol- 
sulfonephthalein protein error indicators of the invention are more sensitive to lower concentrations of albumin, while 
the merocyanine protein error indicators are more sensitive to higher concentrations of albumin. Thus, the reaction of 
these compounds with protein is not competitive, and accordingly, the effect of the novel combination is synergistic 
rather than additive. 

In more detail, in accordance with one embodiment of the invention, the phenolsulfonephthalein protein error in- 
dicator of the present invention is the compound: 



Y Y 




wherein: X is -CI, -Br, or -I; Y is -N0 2 or -NO; and Z is -CI, -Br, or -I. Preferably, X is -I, or -Br; Y is -N0 2 ; and Z is -Br, 
or -CI. More preferably, X is -I; Y is -N0 2 ; and Z is -Br. 

In accordance with a further embodiment of the present invention, a phenolsulfonephthalein protein error indicator 
compound is provided which has the following formula: 




wherein: X is -CI, -Br, or -I; Y' is -N0 2 or -NO: Y" is -CI, -Br, or -I; and Z is -CI, -Br or -I. More preferably, X is -I; Y' is 
-N0 2 ; Y" is -Br; and Z is -Br. 

The merocyanine protein error indicator of the present invention is the compound: 
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10 wherein: Q is -CI, -Br, or -I; m is an integer from 1 to 6; R is S, Se,0 or C(C n H 2n + <\) 2 , wherein n is an integer from 1 
to 6; and T is -SO _ 3 or -H. More preferably, Q is -Br or -I; m is an integer from 2 to 4; R is C(CH 3 ) 2 ; and T is -SO _ 3 . Most 
preferably, Q is -I; and m is 3. 

Illustrative merocyanine protein error indicators are: 1 -(co-sulfopropyl)-2-(4'hydroxy-3',5 , -dibromostyryl)- 
3,3-dimethylindoleninium betaine; 1-(co-sulfobutyl)-2-(4'-hydroxy-3',5 , -diiodostyryl)-benzothiazolium betaine; 1-(co-sul- 

15 foethyl)-2-(4'-hydroxy-3 , ,5 , -diiodostyryl)-3 ) 3-dimethylindoleninium betaine; 1 -(co-Sulfopropyl)-2-(4'-hydroxy-3 l ,5 l -diio- 
dostyryl)-3 ; 3-dimethylindoleninium betaine; 1 -(co-sulfobutyl)-2-(4'-hydroxy-3 l ,5 l -diiodostyryl)-3,3-dimethylindoleninium 
betaine; and 1 -(n-butyl)-2-(4 , -hydroxy-3',5 , -diiodostyryl)-3,3-dimethylindoleninium iodide. Detailed protocols for pre- 
paring the merocyanine protein error indicators listed above are set forth in the examples. 

Referring to the figures, Fig. 1 generally illustrates the synthesis of two dinitroso-substituted indicators used in the 

20 present invention. More specifically, Fig. 1 shows possible synthesis protocols for 3\3"-dinitroso-5',5",3,4,5 ; 6-hexab- 
romophenolsulfonephthalein (compound C of Fig. 1) and 3 , ,3"-dinitroso-5 , ,5"-diiodo-3,4,5,6-tetrabromophenolsul- 
fonephthalein (compound E of Fig. 1 ) from the commercially available 3,4,5,6-tetrabromophenolsulfonephthalein (com- 
pound A of Fig. 1). The dibromo-intermediate (compound B of Fig. 1) is readily prepared by treating a solution of 
tetrabromophenolsulfonephthalein in acetic acid (HOAc) with two equivalents of molecular bromine at ambient tem- 

25 perature. This is then nitrosylated in acetonitrile (CH 3 CN) by an acid catalyzed reaction with isoamyl nitrite to afford 
3 , ,3"-dinitroso-5',5" ) 3,4,5,6-hexabromophenolsulfonephthalein. 

The diiodo-analogs are prepared similarly. 3,4,5,6-tetrabromophenolsulfonephthalein is iodinated by reaction with 
3.0 equivalents of iodine monochloride (ICI) in HOAc at ambient temperature to give the compound illustrated as com- 
pound D in Fig. 1. This compound is then nitrosylated as above to afford 3',3"-dinitroso-5\5"-diiodo-3,4,5,6-tetrab- 

30 romophenolsulfonephthalein. Following the above-described protocol, the synthesis of analogs including other halo- 
gens, alkyl groups or protons (H) at the positions 3', 3", 3,4,5, 5', 5" or 6 is straightforward and yield the anticipated com- 
pounds. 

Fig. 2 generally illustrates the synthesis of the nitro-substituted protein error indicators of the present invention. 
Treatment of a solution of compound A of Fig. 2 in HOAc with no more than two equivalents of nitric acid (HN0 3 ) at 

35 ambient temperature affords 3',3"-dinitro-5',5"-diiodo-3,4,5 ) 6-tetrabromophenolsulfonephthalein (compound B of Fig. 
2). Slow treatment of compound A of Fig. 2 with one equivalent of HN0 3 in HOAc at ambient temperature followed by 
treatment with excess Br 2 at reflux gives the mononitro-analog 3"-nitro-5',5"-diiodo-3,3 , ; 4,5,6-pentabromophenolsul- 
fonephthalein (compound C of Fig. 2). Following the above-described protocol, the synthesis of analogs including other 
halogens, alkyl groups or protons (H) at the positions 3', 3", 3, 4,5, 5', 5" or 6 is straightforward and yield the anticipated 

40 compounds. Described below in the Examples are detailed synthesis protocols for preparing each of the compounds 
illustrated in Figs. 1 and 2. 

Without limiting the invention, it is believed that the phenolsulfonephthalein protein error indicators included in the 
test strips of present invention account for the surprising protein sensitivity of the combination, more specifically, it is 
believed that the substitution of nitro or nitroso group(s) in the B and C rings is responsible for the increased sensitivity 

45 of these compounds to urinary albumin. It is believed that the phenomena of electron withdrawal and charge dispersal 
combine to provide indicators of increased sensitivity. It is also believed that the surprising characteristic of changing 
from light peach to green in the presence of very low concentrations of protein is attributable to the interaction of the 
two protein error indicators of the present invention. 

In more detail, referring to the phenolsulfonephthalein protein error indicators of the present invention, it is believed 

50 that the highly electronegative nitro and nitroso groups, situated adjacent to the hydroxyl groups at the 4' and 4" posi- 
tions, increase the reactivity of those hydroxy groups. In addition, it is also believed that the reactivity of the hydroxyl 
groups is further enhanced through resonance stability. It is believed that ionic forms of the molecule are stabilized 
through charge dispersal. The resonance stability imparted by the substituent nitro and nitroso groups increases the 
acidity of the adjacent hydroxyl hydrogen at the 4' and 4" positions. These phenomena combine, synergistically it is 

55 believed, to reduce the pKaof the phenolsulfonephthalein indications of the present invention, and accordingly increase 
the sensitivity of the invention combination indicator to albumin. 

Fig. 3 generally illustrates the synthesis of several merocyanine protein indicator compounds of the present inven- 
tion. The chemistry is straight forward and generally involves the coupling of an aromatic hydroxyaldehyde with a 
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heterocyclic quartenary salt under basic reaction conditions. The general procedures used in the preparing the mero- 
cyanine protein error indicators are illustrated in Fig. 3, and are discussed in detail in the examples below. 

One aspect of the present invention is directed to an analytical test strip for the detection of protein in a biological 
sample comprising an absorbent carrier impregnated with one of the phenolsulfonephthalein protein error indicator 

s compounds described above and one of the merocyanine protein error indicator compounds described above. The 
absorbent carrier of the test strip is preferably a filter paper. Other materials useful as the absorbent carrier include 
felt, porous ceramic strips, and woven or matted glass fibers described in United States patent No. 3,846,247. Also 
suggested are the use of wood, cloth, sponge material and argillaceous substances described in United States Patent 
No. 3,552,928. Alternatively, the absorbent carrier can be non-porous, such as various polymeric films, glass and the 

10 like. All such absorbent carrier materials are feasible for use in the present invention, as are others. It has been found, 
however, that filter paper is especially suitable. 

The absorbent strip is preferably impregnated with a buffer. Any buffer system which can be adjusted to a pH of 
from about 1 .5 to about 4.5 is useful in the practice of the present invention. Preferably, the buffer system is adjusted 
to a pH of about 2.0 to about 3.0, and most preferably about 2.5. 

is The test strip can also be impregnated with a color enhancing polymer. For purposes of the present invention, the 

term "color enhancing polymer" is intended to mean a polymer having a molecular weight from about 400 to about 
25,000 which increases both the kinetics of the color formation and the dose response of the protein error indicators 
and/or reduced background color for a negative test. Preferred color enhancing polymers include polypropylene glycols, 
polycarbonates, polyvinyl ethers and polyethylene oxides. According to one preferred embodiment, the color enhancing 

20 polymer is a polypropylene glycol. Both water miscible and immiscible polypropylene glycols are useful in the practice 
of the present invention. It is preferred that the polypropylene glycol has a molecular weight of from about 1 00 to about 
10,000. More preferably, the polypropylene glycol has a molecular weight of from about 1,000 to about 4,000. Most 
preferably, however, the polypropylene glycol has a molecular weight of about 2,000. Water immiscible polypropylene 
glycols useful in the practice of the present invention are discussed in detail in United States Patent 4,013,416. Nev- 

25 ertheless, it has been determined that water miscible polypropylene glycols having an average molecular weight of 
about 400 are useful in the practice of the present invention. Other preferred color enhancing polymers include: a 
polycarbonate available under the designation of KOK 10,071 from Bayer AG, Germany (a polyethercarbonate obtain- 
able by reaction of short-chain polypropylene glycols (MW 200 - 800) and diphenylcarbonate with the elimination of 
phenol, optionally with the addition of diols and/or triols. The polyether carbonates should have molecular weights of 

30 1,000 - 30,000, preferably 1,500 - 5,000); a polypropylene oxide and ethylene oxide adduct or 1,6-dimethyl 4-nonyl- 
phenol available under the tradename designation of Fenoil® D4030 from Bayer AG, Germany; and a polyvinylether 
available under the tradename designation Lutonal® 1 30 from BASF, US. It has been determined that test strips of the 
present invention which include certain color enhancing polymers, i.e., polypropylene glycols, KOK 10, 071, Fenoil® 
D4030 and Lutonal® 130, have an increased dose response range, an increased resolution between albumin levels 

35 and a decreased negative coloration. 

EXAMPLES 

Example 1. 3',3",3,4,5,6-Hexabromophenolsulfonephthalein 

40 

A solution of 3,4,5,6-tetrabromophenolsulfonephthalein, obtained from the Aldrich Chemical Co. , Milwaukee, Wis- 
consin, USA, (5.03 g (grams), 7.5 mmole (millimoles)] in acetic acid [(HOAC), 50 ml (milliliters)] was maintained at 
ambient temperature under an inert gas atmosphere. The solution was dropwise treated for 1 0 minutes with a solution 
of bromine, obtained from the Aldrich Chemical Company (2.4 g, 15 mmole, in HOAc, 10 ml), and thereafter stirred 
45 overnight. The solids that separated from the reaction mixture were collected by filtration, washed with HOAc and dried 
in vacuo to afford 3\3^3,4,5,6-hexabromophenolsulfonephthalein. 

Recrystallization from boiling HOAc afforded the analytically pure compound (1.93 g, 29.3%) as a pale pink powder 
which softened at 1 59-1 60°C, melted with gas evolution at 1 62-1 64°C and then resolidified with no melting point below 
270°C. Spectroscopic data identifying the compound are set forth below in Table 1 . 

50 



Table 1 


IR (KBr) cm" 1 


3435, 1703, 1605, 1497, 1416, 1360, 1340, 1295, 1227, 1192 


1 H NMR (DMSO-d 6 )5 


8.03 (s, 2H), 7.59 (d, J=2.4Hz, 2H), 7.31 (d of d, J 1= 8.7 Hz and J 2 =2.4 Hz, 2H), 7.11 (d, 




J=8.7 Hz, 2H) 


Analysis calculated for C 19 H 8 Br 6 0 5 S-HOAc: 




C, 28.90; H, 1.39 
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Table 1 (continued) 



Found: 



C, 28.55; H, 1.38. 



Example 2. 5',5"-dinitroso-3',3" ] 3,4,5 ] 6-hexabromophenolsulfonephthalein 

A stirred solution of 3 l ,3",3,4,5,6-hexabromophenolsulfonephthalein (0.67 g, 0.8 mmole) in anhydrous acetonitrile 
(CH 3 CN, 50 ml) was maintained at an ambient temperature under an inert gas atmosphere. The solution was treated 
with a catalytic amount of HOAc (one drop) and isoamyl nitrite (0.56 g, 4.8 mmole), and thereafter stirred for 4 days. 
The solids that separated from the reaction mixture were collected by filtration, and washed with CH 3 CN (10 ml). The 
solid was dried in vacuo to afford 5 l ,5"-dinitroso-3 l ,3",3 ; 4 1 5,6-hexabromophenolsulfonephthalein (0.45 g, 64%) as an 
analytically pure yellow powder with a melting point of 267-269°C. A second crop was subsequently obtained from the 
concentrated mother liquors (0.03 g; 4%). Spectroscopic data identifying the compound are set forth below in Table 2. 

Table 2 



IR (KBr) cm" 1 
1 H NMR (DMSO-d 6 )8 



1621, 1543, 1468, 1416, 1361, 1341, 1325, 1258, 1194, 1162, 1096 
7.93 (d, J=2.5 Hz, 2H), 7.73 (d, J=2.5Hz, 2H), 4.20 (v. br. s, 2H) 
Analysis calculated for C 19 H 6 Br 6 N 2 0 7 S: 

C, 25.76; H, 0.68; N, 3.16 
Found: C, 25.61; H, 0.58: N, 3.40. 



Example 3. 3',3"-diiodo-3,4,5,6-tetrabromaphenolsulfonephthalein 



3,4,5,6-tetrabromophenolsulfonephthalein (20.1 g ; 30 mmole) was dissolved in 70°C HOAc (550 ml) then cooled 
to ambient temperature in a water bath. The stirred solution was maintained under an inert gas atmosphere. The 
solution was treated with a solution of iodine monochloride (ICI) (1 4.61 g, 90 mmole) in HOAc (50 ml) and left at ambient 
temperature for 22. 3 hours. The reaction mixture was filtered through a pad of Celite521 (Johns-Manville Corp., Denver, 
Co., USA), and evaporated to dryness in vacuo. The resulting red tar was taken up in HOAc (150 ml). The solids which 
separated from this solution on standing were filtered, washed with HOAc and dried in vacuo to afford 3',3"-diiodo- 
3,4,5,6-tetrabromophenolsulfonephthalein (9.66 g, 34.9%) as a pink powder. A second crop was subsequently obtained 
from the concentrated mother liquors (4.03 g , 1 4.6%). Spectroscopic data identifying the compound are set forth below 
in Table 3. 



Table 3 


IR (KBr) cm" 1 


1697, 1598 ; 1486, 1405, 1338, 1293, 1226, 1191 


""H NMR (DMF-d 7 )8 


8.03 (s, 2H), 7.97 (d, J=2.3Hz, 2H), 7.49 (d of d, J 1= 8.6 Hz and J 2 =2.3 Hz, 2H), 7.02 (d, 




J=8.6Hz, 2H) 


Analysis calculated for C 19 H 8 Br 4 l 2 0 5 S-HOAc: 




C, 25.69; H, 1.23 


Found: 


C, 25.94; H, 0.94. 



Example 4. 5 l ,5"-dinitroso-3',3"-diiodo-3,4,5,6-tetrabromophenolsulfonephthalein 



A solution of 3',3"-diiodo-3,4,5,6-tetrabromophenolsulfonephthalein (1 .47 g, 1 .6 mmole) in anhydrous CH 3 CN (50 
ml) was maintained at ambient temperature under an inert gas atmosphere. The mixture was thereafter treated with 
a catalytic amount of HOAc (2 drops) and isoamyl nitrite (2.3 g, 20 mmole). The resulting mixture was allowed to stir 
for two days. The solids that separated from the reaction mixture were collected by filtration, washed with cold CH 3 CN 
and dried in vacuoXo give the compound 5 l ,5"-dinitroso-3 , ,3"-diiodo-3,4,5,6-tetrabromophenolsulfonephthalein (0.41 
g, 26%). Recrystallization from CH 3 CN (150 ml) afforded the analytical sample as a pale yellow wool with no melting 
point below 270°C. 

Spectroscopic data identifying the compound are set forth below in Table 4. 

Table 4 



IR (KBr) cm" 1 

1 H NMR (DMSO-d6)8 



1616, 1541, 1460, 1410, 1360, 1322, 1257, 1195, 1091 

8.00 (d of d, J 1= 2.0 Hz and J 2 =1 .2 Hz, 2H), 7.93 (d, J=2.2 Hz, 2H), 4.76 (v. br. s, 2H) 
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Table 4 (continued) 





Analysis calculated tor C 19 H 6 Br4l2N 2 0 7 S: 






C, 22.93; H, 0.46; N, 2.80 


5 


Found: 


C, 23.08; H, 0.71; N, 2.83. 



Example 5. 5' i 5"-dinitro-3' ] 3"-diiodo-3 i 4 i 5,6-tetrabromophenolsulfonephthalein(DIDNTB) 

A stirred solution 3',3"-diiodo-3,4,5 : 6-tetrabromophenolsulfonephthalein (1.85 g, 2.0 mmole) in boiling HOAc (90 
ml) was cooled to about 16-20°C. The solution was dropwise treated, over four minutes, with a solution of 90% nitric 
acid (0.28 g, 4.0 mmole) in HOAc (10 ml) and left to stir overnight at ambient temperature under an inert gas atmosphere. 
The solids that separated from the reaction mixture were collected by filtration, washed with HOAc (5 ml) and dried in 
vacuoXo afford a crude preparation of 5 , ,5"-dinitro-3 , ! 3"-diiodo-3,4,5,6-tetrabromophenolsulfonephthalein. One recrys- 
tallization from HOAc (110 ml) afforded the analytically pure compound 5 , ,5"-dinitro-3 , ,3"-diiodo-3 ! 4,5,6-tetrabromophe- 
nolsulfonephthalein (0.90 g, 38%) as a yellow powder. This material had no distinct melting point. However, the material 
shrunk at about 1 89-1 90°C : evolved gas at about 21 0-220° C and melted at about 225°C. Spectroscopic data identifying 
the compound are set forth below in Table 5. 



Table 5 


IR (KBr) cm" 1 


1707, 1616, 1541,1460,1408, 1370, 1322, 1257, 1195, 1092 


1 H NMR (DMSO-d 6 )S 


8.03 (d, J=2.4 Hz, 2H), 7.91 (d, J=^-2.4 Hz, 2H), 6.0-7.0 (br. s, 2H) 


Analysis calculated for C 19 H 6 N 2 Br4l 2 0 9 S-2HOAc: 




C, 24.40; H, 1.25; N, 2.48 


Found: 


C, 24.49; H, 1.00; N, 2.42. 



Example 6. 5 , -nitro-3',3"-diiodo-5",3,4,5,6-pentabromophenolsulfonephthalein 

A stirred solution of 3',3"-diiodo-3,4,5,6-tetrabromophenolsulfonephthalein (0.92 g, 1.0 mmole) in boiling HOAc 
was cooled to ambient temperature, and maintained under an inert gas atmosphere. The solution was slowly treated 
dropwise, over 1 .5 hours, with 1 M HN0 3 in HOAc (1 .05 ml; 1 .05 mmole). Once the addition was complete, the reaction 
was allowed to stir for five minutes. Thereafter the reaction mixture was treated with a solution of Br 2 in HOAc (1 .5 ml, 
1 .5 mmole) and refluxed for 5.5 hours. The mixture was thereafter cooled to ambient temperature and evaporated to 
dryness in vacuoio afford a golden-brown glass (1.10 g). The crude product was taken up in a minimum volume of 
ethyl acetate (EtOAc) and diluted with HOAc to afford a crystalline solid. After two recrystallizations there was obtained 
analytically pure 5'-nitro-3 l ,3"-diiodo-5",3,4,5,6-pentabromophenolsulfonephthalein (0.57 g, 54.5%) as a bright yellow 
powder. Spectroscopic data identifying the compound are set forth below in Table 6. 



Table 6 


IR (KBr) cm' 1 


1708, 1614 : 1540, 1462, 1406, 1371, 1338, 1324, 1252, 1194, 1162, 1091, 1016, 823, 




798, 765, 723, 671 


1 H NMR (DMSO-d 6 )5 


8.03 (d of d, J 1= 24.8 Hz and J 2 =2.3 Hz, 2H), 7.98 (d of d, J 1= 22.7 Hz, and J 2 =2.4 Hz, 1 H), 




7.90 (br. m, 1H) ; 7.67 (br. m, 1H) 


Analysis Calculated for C 19 H 6 Br 4 l 2 N0 7 S: 




C, 21.82; H, 0.58; N, 1.34 


Found: 


C, 22.16; H, 0.33; N, 1.33 



Example 7. 1 -(co-Sulfopropvl)-2-f4'-hvdroxv-3',5'-dibromostvrvl)-3,3-dimethvlindoleninium betaine 



A solution of 3,5-dibromo-4-hydroxybenzaldehyde (Lancaster Synthesis, Ltd., Windham, NH USA) (2.0 g, 7.14 
mmole), 1-(co-sulfopropyl)-2,3,3-trimethylindoleninium betaine (Belg. 726,639; CA 73: P82538a) (2.0 g, 7.11 mmole) 
and piperidine (0.4 ml) in EtOH (30 ml) was maintained under an inert gas atmosphere. The solution was refluxed for 
50 minutes and cooled in an ice bath. The reaction mixture was evaporated to dryness in vacuo, and taken up in a 
minimum of methanol (MeOH). The solution was thereafter chromatographed on silica gel (600 grams) using MeOH/ 
CHCI 3 (1 :4 v/v) development. Fractions containing the major purple product band were pooled and acidified with excess 
HCI in 2-propanol (i-PrOH) to produce the color change from purple to golden yellow. The solution was evaporated to 
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dryness in vacuo. The residue was taken up in hot EtOH (ca. 25 ml) and crystallized upon cooling. The solids that 
separated were collected by filtration, washed with ice-cold EtOH/hexane (3:1 v/v) : and vacuum dried to give the an- 
alytically pure compound 1-(co-sulfopropyl)-2-(4 , -hydroxy-3 , ; 5'-dibromostyryl)-3,3-dimethylindoleninium betaine (0.96 
g, 25%) as golden yellow crystals. The compound had no distinct melting point, but darkened at temperatures above 
200°C. The above-described method for preparing the compound is generally illustrated as reaction A of Fig. 3. Spec- 
troscopic data identifying the compound are set forth below in Table 7. 

IR (KBr) cm" 1 3438 , 3055, 1606, 1577, 

1519, 1475, 1406, 1372, 

1305, 1277, 1212, 1173, 

1124, 739 



l H NMR (DMSO-d*)« 8.58 (8, 2H) , 8.29 (d, 

J-16.0 Hz, 1H), 7.97 (d, 
J-7.7 Hz, 1H), 7.84 (d of 
d, Jx-2.0 Hz and J 2 «6.6 Hz, 
1H), 7.67 (d, J-16 HZ, 1H) , 
7.54 - 7.64 (M, 2H), 4.81 
(t, J-7.6 HZ, 2H), 3.77 (V. 
br. 8, 1H), 2.63 (t, J-6.6 
Hz, 2H), 2.10-2.22 (m, 
2H), 1.76 (8, 6H) 

"C NMR (DMSO-d')ppm 181.6, 155.6, 151.3, 143.8, 

140.9, 135.1, 129.2, 129.1, 
128.7, 123.0, 115.2, 112.5, 
111.6, 52.2, 47.3, 45.5, 
25.6, 24.8 (3 coincident 
bands) 

Anal. Calcd for C 2l H 21 Br 2 N0 4 S»%EtOH: 

C, 46.65; H,4.27; N, : 2.47 
Found: C, 46.48; H, 4.50; N, 2.33. 

Example 8. 1-((o-Sulfobutvl)-2-(4'-hvdroxv-3',5'-diiodostvryl)-benzothiazoliunn betaine 

A mixture of 3,5-diiodo-4-hydroxy-benzaldehyde -(Lancaster Syntheses, Ltd., Windham, NH, USA) (3.74 g, 10 
mmole), 3-(o>sulfobutyl)-2-methylbenzothiazolium betaine (Brit. 742,112; CA 50: P11149e) (3.71 g, 13 mmole) and 
piperidine (0 8 ml) in EtOH (30 ml) was maintained under an inert gas atmosphere. The solution was refluxed for one 
hour then cooled to ambient temperature. The reaction mixture was acidified with sufficient 1.93 M hydrochloric acid 
in i-PrOH to effect a color change from purple to yellow whereupon solids separated from the solution. The solids were 
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collected by filtration, washed with EtOH and dried. The solids were then dissolved in warm (55°C) EtOH/MeOH/H 2 0 
(3:2:1 v/v/v) (300 ml) containing 2 M aqueous sodium hydroxide (5.2 ml), filtered through Celite (Johns-Manville Corp., 
Denver, CO USA) and precipitated by the addition of 3M aqueous hydrochloric acid (6 ml). After cooling in an ice bath, 
the solids were collected by filtration, washed with EtOH and dried in vacuo. The solids were then boiled in acetic acid 
(HOAc) (600ml) ; filtered and dried in vacuo at 115°C to afford the analytically pure compound 1 -(co-sulfobutyl)-2-(4'- 
hydroxy-3',5'-diiodostyryl)-benzothiazolium betaine (5.10 g, 79%) as a yellow powder. The above-described method 
for preparing the compound is generally illustrated as reaction B of Fig. 3. Spectroscopic data identifying the compound 
are set forth below in Table 8. 



IR (KBr) cm" 1 3436, 1608, 1572, 1529, 

1497, 1458, 1396, 1318, 
1267, 1208, 1038 
*H NMR (DMSO-d')£ 8.55 (s, 1H) , 8.30-8.50 

(m, 3H), 7.92-8.16 (m, 3H) , 
7.73- 7.88 (in, 2h), 4.95 
(br. t, J-7.5HZ, 2H), 2.53 
(t, J-7.1 HZ, 2H), 1.98 
(br. m, 2H), 1.81 (q, J-7.0 
Hz, 2H) 

"C NMR (DMSO-d')ppm 171.4, 159.1, 148.1, 146.1, 

141.0, 140.6, 131.5 129.2, 
128.0, 123.9,116.7, 112.2, 
86.4, 50.0, 48.8, 27.2, 



21.9 (2 coincident bands). 



Analysis calculated for C 1 ^i 17 I 2 NS 2 0 4 : 

C, 35.58; H, 2.67; H, 2.18 
Found: C, 35.52; H, 2.75; H, 2.06. 

Example 9. 1-(<B-sulfoethvl)-2-(4'-hvdroxv-3',5'-diiodostvrvl)-3,3-dirnethvlindoleninium betaine 

A mixture of 3,5-diiodo-4-hydroxy-benzaldehyde (3.73 g, 10 mmole), 1-(co-sulfosthyl)-2,3,3-trimethyl-indoleninium 
bromide (US 2,503,776; CA 44: P5738i) (6.61 g; 19 mmole) and piperidine (2.0ml) in EtOH/MeOH (2:1 v/v) (60 ml) 
was maintained under an inert gas atmosphere. The solution was refluxed for 4 hours, cooled to an ambient temper- 
ature, and evaporated to dryness in vacuo leaving a brown residue. The brown residue was taken up in MeOH (2-3 
ml). This solution was treated with triethylamine (NEt 3 ) (2 ml) and chromatographed on silica gel using MeOH/CHCI 3 
(1:4 v/v) development. The tractions containing the purple product band were pooled and evaporated to dryness in 
vacuo. This crude product was taken up in EtOH (10 ml), acidified with sufficient 1 .93 M HCI in i-PrOH to effect a color 
change from purple to yellow. This solution was evaporated to dryness. The residue was then taken up in EtOH/hexane 
(3:1 v/v), and refrigerated until the solution crystallized. The crystalline solids that separated were collected by filtration. 
These solids were washed with ice-cold EtOH and then EtOH/hexane. The remaining solids were vacuum dried to give 
the compound 1 -(co-sulfoethyl)-2-(4'-hydroxy-3',5'-diiodostyryl)-3,3-dimethylindoleninium betaine (0.80 g; 12.8%). Re- 



12 



EP 0 517 050 B1 



crystallization from EtOH/HOAc afforded the analytically pure compound as a dark reddishbrown powder. The above- 
described method for preparing the compound is generally illustrated as reaction C of Fig. 3. Spectroscopic data iden- 
tifying the compound are set forth below in Table 9. 

Table 9 



IR(KBr) cm- 1 

1 H NMR (DMSO-d 6 )5 

13 C NMR (DMSO-d 6 )ppm 



3444, 2992, 1608, 1574, 1530, 1469, 1399, 1371, 1327, 1296, 1282, 1230, 1212, 
1178, 1141, 1086, 1033, 964 

8.58 (s, 2H), 8.18 (d, J=16.3 Hz, 1H), 7.69-7.88 (m, 4H), 7.51-7.62 (m, 2H), 4.82 (t, 
J=5.7 Hz, 2H) ; 3.04 (t, J=6.1 Hz, 2H), 1.73 (s, 6H); 

182.4, 160.0, 149.1, 143.6, 141.4, 140.7, 130.5, 128.8, 122.8, 115.1 , 1 1 2.9, 87.3, 52.0, 
47.7, 43.7, 25.4 (4 coincident bands) 

Analysis calculated for C 20 H 19 l 2 NO4 S- 1 /£ EtOH: 

C, 39.02; H, 3.43; N, 2.16 
Found: C, 39.25; H, 3.47; N, 2.25. 



Example 10. 1 -(co-Sulfopropvl)-2-(4'-hvdroxv-3' ; 5'-diiodostyryl)-3,3-dimethylindoleninium betaine (SPDIB) 

A mixture of 3,5-diiodo-4-hydroxy-benzaldehyde (3.73 g, 1 0 mmole), 1 -(co-sulfopropyl)-2,3,3-trimethylindoleninium 
betaine (3.65 g, 1 3 mmole) and piperidine (0.8 ml) in EtOH (ca. 50 ml) was maintained under an inert gas atmosphere. 
The solution was refluxed for 2.75 hours and then cooled in an ice bath. The solution was acidified with 1 .93 M HCI in 

1- PrOH (5.0 ml). A dark tar separated and was collected by filtration and triturated with boiling HOAc. The combined 
triturates were evaporated to dryness in vacuo, taken up in HOAc (20 ml) and allowed to crystallize. The solids that 
separated were collected by filtration, washed with HOAc and vacuum dried to give the compound 1 -(o>sulfopropyl)- 

2- (4'-hydroxy-3',5 , -diiodostyryl)-3,3-dimethylindoleninium betaine (4.37 g, 68%) as an orange powder. The compound 
was recrystallized from HOAc to afford the analytically pure compound. The above-described method for preparing 
the compound is generally illustrated as reaction D of Fig. 3. Spectroscopic data identifying the compound are set forth 
below in Table 10. 



Tabl« 10 



IR (KBr) ca' 1 1604, 1572, 1526, 1468, 

1402, 1376, 1274, 1214, 
1173, 766, 722 

X H NMR (DMSO-d')tf 8.71 (s, 2H) , 8.21 <d, 

J-15.5 Hz, 1H), 7.92 (d, 
J-7.2 Hz, 1H) , 7.81 (d, 
J-6.6 Hz, 1H), 7.50-7.65 
(m, 3H), 4.72-4.82 (v. br. 
m, 2H), 3.57 (v.br. s, 1H) , 
2.61 (t, J-6.5 Hz, 2H) , 
2.07-2.20 (V. br. m, 2H) 
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1.76 (8, 6H) 



13 C NMR (DMSO-d')ppm 181.3, 160. 6, 151.1, 143.7, 

142.0, 140.9, 130.0, 129.1, 
122.9, 115.0, 110.7, 87.4, 
52.0, 47.3, 45.4, 25.7, 
24.7 (4 coincident bands) 

Analysis calculated for C 21 H 21 I 2 N0 4 S*^H 2 0: 

C,39.02; H, 3.43; N, 2.17 
Found: C,39.01; H, 3.46; N, 1.94. 

Example 11 . 1 -(co-sulfobu1vl)-2-(4'-hvdroxv-3\5 , -diiodostvrvl)-3 1 3-dime1hylindoleninium betaine 

A mixture of 3,5-diiodo-4-hydroxy-benzaldehyde (1.87 g, 5 mmole), 1-(co-sulfobutyl)-2,3,3-trimethylindoleninium 
betaine (R.B. Mujumdar et al., Cytometry 10, 11-9 (1989)) (2.36 g, 8 mmole) and piperidine (0.4 ml) in EtOH (35 ml) 
was maintained under an inert gas atmosphere. The solution was refluxed for 2.5 hours and then cooled to an ambient 
temperature. The reaction mixture was acidified with an excess of 1 .93 M HCI in i-PrOH, and evaporated to dryness 
in vacuo, leaving a residue. The residue was taken up in EtOH (10ml). On standing in a refrigerator, solids separated 
from the mixture. The solids were collected by filtration, washed with ice-cold EtOH/hexane (3:1 v/v), and vacuum dried 
to afford an orange solid (3.36 g). The crude product was taken up in boiling EtOH (ca. 30 ml) and immediately repre- 
cipitated. Additional boiling EtOH was added, (ca. 220 ml) but the solid did not redissolve. After cooling in ice the solids 
were collected by filtration, washed with EtOH and vacuum dried to afford the analytically pure compound 1-(co-sul- 
fobutyl)-2-(4'-hydroxy-3',5 , -diiodostyryl)-3,3-dimethylindoleninium betaine (1.54 g, 47%) as an orange powder. The 
above-described method for preparing the compound is generally illustrated as reaction E of Fig. 3. 
Spectroscopic data identifying the compound is set forth below in Table 11 . 



Table 11 


IR (KBr) cm" 1 


2977, 1605, 1572, 1525, 1469, 1401, 1372, 1308, 1271, 1214, 1182, 1120, 1034, 769, 
714 


1 H NMR (DMSO-d 6 )5 


8.71 (s,2H), 8.24 (d, J=16.0Hz, 1 H), 7.90-7.97 (m, 1 H), 7.81 -7.87 (m, 1 H), 7.53-7.64 
(m, 3H), 4.68 (t, J=7.2 Hz, 2H), 2.45-2.55 (m, 2H), 1 .89- 2.00 (m, 2H), 1 .75-1 .83 (m, 
2H), 1.76 (s, 6H) 


13 C NMR (DMSO-d 6 )ppm 


181.3, 160.5, 151.1, 143.7, 141.9, 140.8, 130.0, 129.0, 122.9, 115.2, 110.7,87.3, 52.0, 
50.3, 46.2, 27.2, 25.8, 22.3 (4 coincident bands) 


Analysis calculated for C 2 2H 2 3l2 N °4 S: 




C, 40.57; H, 3.56; N, 2.15 


Found: 


C, 40.59; H, 3.50; N, 1.99. 



Example 12. 1-(n-butvl)-2-(4'-hvdroxv-3',5'-diiodostvrvl)-3,3-dimethylindoleninium iodide. 

A mixture of 3,5-diiodo-4-hydroxy-benzaldehyde (3.73, 10 mmole), 1 -(n-butyl)-2,3,3-trimethylindoleninium iodide 
(DP. Maisuradze et al., Soobschch. Akad. Nauk. Gruz. SSR 50. 77-82 (1968): CA 69: 106526r) (4.46 g, 13 mmole) 
and piperidine (0.8 ml) in EtOH (40 ml) was maintained under an inert gas atmosphere. The solution was refluxed for 
1 hour, and cooled to an ambient temperature. The solution was evaporated to dryness in vacuo, leaving a residue. 
The residue was taken up in EtOH (10 ml) and treated with 1 .93 M HCI in i-PrOH (3.0 ml). The solution was thereafter 
again evaporated to dryness in vacuo, leaving a residue. The residue was taken up in EtOH (4ml). The solution was 
refrigerated and crystals spontaneously formed. The crystalline solids that separated were collected by filtration, 
washed with ice-cold EtOH and vacuum dried to give crude l-(n-butyl) -2-(4'-hydroxy-3',5'-diiodostyryl) -3,3-dimethyl- 
indoleninium iodide (4.90 g, 80.7%). The crude compound was taken up in hot EtOH (60 ml), filtered through paper 
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and concentrated in vacuoto about 30 ml. The solution was allowed to crystallize. The crystal solids that separated 
were collected, washed and dried as above to afford the analytically pure compound 1-(n-butyl)-2-(4'-hydroxy-3',5'- 
diiodostyryl)-3 ; 3-dimethylindoleninium iodide (3.90 g, 56%) as a bright orange powder. The above-described method 
for preparing the compound is generally illustrated as reaction F of Fig. 3. Spectroscopic data identifying the compound 
is set forth below in Table 1 2. 

Table 12 



10 



15 



IR (KBr) cm" 1 

1 H NMR (DMSO-d 6 )5 



13c NMR (DMSO-d6)ppm 



3361, 2979, 1605, 1574, 1530, 1463, 1402, 1372, 1320, 1250, 1213, 1198, 1136 
8.63 (s, 2H), 8.23 (d, J=15.9 Hz, 1 H), 7.39-7.87 (m, 6H), 4.65 (t, J=7.0, 2H), 1 .73-1 .85 
(m, 2H), 1.76 (s, 6H), 1.34-1.48 (m, 2H), 0.93 (t, J=7.3 Hz, 3H) 

181.2, 160.7, 150.9, 143.7, 141.7, 140.7, 129.8, 129.0, 123.0, 115.0, 110.4, 87.7,52.0, 
46.1, 30.4, 25.8, 19.2, 13.7 (4 coincident bands) 

Analysis calculated for C 22 H 2 4l3NO-EtOH: 

C, 38.68; H, 4.06; N, 1.89 
Found: C, 38.55; H, 3.96; N, 1.91. 
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Example 1 3. Comparison Of The Dose Response of the Reagent Strips of the Present Invention And Albustix 

A urine pool with a specific gravity of 1.007, which was shown by immunoassay to be devoid of albumin, was 
spiked to various clinically significant levels with Pentex® human serum albumin (Miles, Inc., Elkhart, Indiana). Using 
a Clinitek 200® Instrument (Miles, Inc., Elkhart, Indiana) protein measurements were made using test strips including 
DIDNTB, SPDIB and a polypropylene glycol having a molecular weight of about 2000. 

The reagent strips were prepared as follows. E & D 237 (Ahlstrom Filtration, Inc., Mount Holley Springs, PA, USA) 
paper was dipped in a solution including a 0.5M citrate buffer pH 2.5 in 20% ethanol and 0.08 mM SPDIB. The strip 
was subsequently dipped in a second solution including 0.3mM DIDNTB and 1% P-2000( R )(a polypropylene glycol 
having an average molecule weight of 2000 and available from Fluka Chemical Company under the tradename des- 
ignation P-2000( R ). The paper was then dried. 

Resolution was quantitatively expressed in delta K/S between albumin levels, as shown Fig. 4. K/S are calculated 
from the formula: 

K/S.^f" 2 

wherein R is the fraction of reflectance from the test device, K is a constant, and S is the light scattering coefficient of 
the particular reflecting medium. The above equation is a simplified form of the well-known Kubelka-Munk equation 
(See Gustav Kortum, "Reflectance Spectroscopy," pp. 106-11, Springer Verlas, New York (1969). K/S was determined 
at 25 seconds. 

The reagent strip prepared above and a reagent strip available from Miles laboratories, Inc., Elkart, Indiana, under 
the tradename desingnation Albustix( R ), were compared for their response to the different levels of protein. The results 
of this comparison are summarized as Fig. 4. The strip of the invention was more sensitive to low levels of protein than 
Albustix. Furthermore, greater resolution between protein levels are seen with the invention. 

Example 14. A Comparison Of Reagent Strips Including One Of Several Selected Color Enhancing Polymers 

Using the same urine pool described above, measurements were made using test strips including DIDNTB and 
SPDI B, and no color enhancing polymer or one color enhancing polymers selected from the group consisting of FenoiK R ) 
D4030, P-2000( R ) (a polypropylene glycol having an average molecule weight of 2000 and available from Fluka Chem- 
ical Company under the tradename designation P-2000) KOK 10,071, and LutonaK R ) I30. K/S was determined at 25 
seconds. The data is summarized in Fig. 5. 

The blank background color was decreased by FenoiK R ) D4030, P-2000( R ), KOK 10,071, and LutonaK R ) I30. Fe- 
noil< R ) D4030 and P-2000( R > caused a marked enhancement in dose response. From the data summarized in Fig. 5, 
the P-2000( R ) would be the more preferred since it showed the greatest improvement in resolution between albumin 
concentrations. KOK 10,071 , however, is also preferred since is lowers background coloration significantly. 

Example 15. Reagent Strip Preparation 

One method for the preparation of the urinary protein reagent strip discussed herein is shown below. The method 
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described is a continuous method for mass producing urinary protein reagent test strips. 

According to the method, a thin absorbent strip of paper is moved through the line at a preferred speed of about 
1,2 m (four feet) per minute One preferred paper being E & D 237. The paper is first dipped into a buffered bath, pH 
2.5, including the merocyanine protein error indicator SPDIB dissolved in ethanol or another suitable organic solvent. 
s The paper is subsequently dipped a second time in a bath containing the phenolsulfonephthalein protein error indicator 
DIDNTB dissolved in ethanol or another suitable organic solvent. 

According to one preferred method, the first bath contains a 0.5M potassium citrate buffer, pH 2.5 ; 0.08mM SPDIB 
in 20% ethanol, and the second bath includes 0.3M DIDNTB in ethanol, and a color enhancing polymer. 

If a polypropylene glycol is used as the color enhancing polymer, the second ethanol bath should include one 
10 percent solution of polypropylene glycol. A preferred polypropylene glycol having a molecular average weight of about 
2000 is available from Fluka Chemical Company under the tradename designation P-2000( R ) If, however, a test paper 
is being manufactured which does not include a color enhancing polymer, the second dip includes only DIDNTB in 
ethanol. 

The test strip is then passed through a dryer having an air pressure of 2,54 cm (one inch) of water and a temperature 
is of 60°C at a speed of 1 ,2 m (four feet) per minute. The test strips are then cut and packaged. 



Example 16. Reagent Strip Stabilized Against Thermal Stress 



Heat stress induces substantial loss of reactivity in this reagent. It has been discovered adding sorbitol or glycerol 
20 to protein assay formulation containing polypropylene glycol increases stability toward heat stress. Improvements in 
response to thermal stress were also documented when polypropylene glycol was replaced with a different polymer, 
specifically Lutonal I-30, a polyvinylisobutyl ether supplied by the BASF Company. Lastly, thermal stress stability was 
improved by replacing the citrate buffer commonly used in protein assays (test strips) with glycine. It has also been 
discovered that protein assays including the polymer Lutonal I-30, also produce a reagent with the increased resistance 
25 to interference by high specific gravity (SG) urines. The LutonaK R ) I-30 polymer was superior to polypropylene glycol 
in reducing this SG interference. 

Stability data were obtained by testing the reagent strips with buffer solutions in the absence and presence of 
added albumin (HSA). The buffer contained 1% NaCI, 2.5% urea and 0.01 8M potassium phosphate, pH 7. The data 
are shown in the following Table 13. All reagents were prepared with Whatman CCP500 paper as described in Example 
30 13, and contained 0.3mM DIDNTB, 0.08mM SPDIB, 0.625 M buffer in addition to the indicated components. 



TABLE 13 



LOSS IN NET REACTIVITY AFTER 4 WEEKS @ 50°C (compared to 4 week/20°C or 4 week/25°C) WITH TESTING 

SOLUTIONS CONTAINING 30 mg/dL HSA 


Buffer 


Polymer/additive 


% Loss in KS 


Exp.1 


Exp. 2 


Exp.3 


Citrate pH 2.5 


P-2000® 


39 


49 


28 


Citrate pH 2.5 


P-2000® /3% sorbitol 


9 






Citrate pH 2.5 


P-2000® /1% glycerol 


13 






Citrate pH 2.5 


Lutonal® I -30 




0 




Glycine pH 2.3 


P-2000® 






7 



As indicated here, loss of reactivity with the polypropylene glycol P-2000< R > reagent ranged from 28 to 49%, and 
was lowered considerably by the addition of sorbitol or glycerol, or by replacing the citrate buffer. Such loss of reactivity 
was avoided completely by replacing the Polypropylene glycol P-2000< R ) with the LutonaK R ) I-30 polymer Thus, sorbitol, 
glycerol, glycine, and Lutonal® I-30 are categorized for purposes of this invention as thermal stress reducing agents 
because they all improve the thermal stability of a protein assay when present in the formulation. 

The superior performance of the LutonaK R ) I -30 reagent in minimizing the SG interference was shown with 13 
clinical samples of SG > 1 .020 and found to be negative for proteinuria by the Sulfosal method. These samples were 
also tested for total protein by the Coomassie blue (CBB) method and for albumin by immunoassay. The threshold for 
proteinuria is generally thought to be 15 mg/dl total protein and 3 mg/dl HSA. Thus, according to these criteria and to 
the Sulfosal results ; these samples were below the proteinuria threshold and should be classified as negative. The 
results are shown in Table 14. 
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TABLE 14 



SG 


HSA, mg/dL 


CBB, mg/dL 


Dual-Indicator Reaaent 


P-2000( R )/Sorbitol 


LutonaK R ) 


1.024 


2.8 


14.4 


yel-gr. 


NEG ! 


1.025 


1.2 


11.7 


yel-gr. 


NEG 


1.031 


1.5 


10.9 


NEG 


neg ; 


1.025 


0.9 


11.2 


NEG 


NEG 


1.024 


30 


12.1 


yel-gr. 


NEG 


1.020 


0.6 


7.6 


NEG 


NEG 


1.026 


1.7 


11.3 


NEG 


NEG 


1.028 


1.3 


17.6 


green 


NEG-Tr 


1.021 


0.8 


9.4 


green 


NEG 


1.022 


0.9 


10.8 


green 


NEG 


1.021 


1.5 


5.8 


NEG 


NEG : 


1.028 


2.1 


15.2 


green 


NEG ! 


1.026 


2.3 


16.8 


green 


NEG 



It is evident in this group of high SG samples that the LutonaK R ) I-30 reagent gave only one possible false trace, 
while the majority of the samples might have been traces with the P-2000(R) reagent. For example, the green color 
fell between the negative and trace block and could have been classified as either. 

Specific embodiments of the invention have been shown by way of example and were herein described in detail. 
It should be understood, however, that it is not intended to limit the invention to the particular forms disclosed, but the 
intention is to cover all embodiments falling within the scope of the appended claims. 

Claims 

1. An analytical test strip for the detection of protein in a biological sample comprising an absorbent carrier impreg- 
nated with a phenolsulfonephthalein protein error indicator and a merocyanine protein error indicator, the phenol- 
sulfonephthalein protein error indicator is the compound: 




Z 



wherein: 

X is -I, -Br, or -CI; 

Y is -N0 2 or -NO; and 

Z is -I, -Br, or -CI; and the merocyanine protein error indicator is the compound: 
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Q 

MCH 2 }m-T 



wherein: 

m is an integer from 1 to 6; 

Q is -Br, -l,or CI; 

T is -SO _ 3 or -H; and 

R is S, Se, O, or C(C n H 2n+1 ) 2 , 

wherein: 

n is an integer from 1 to 6. 

The analytical test strip of claim 1 wherein X is -Br or -I; Y is -N0 2 ; Z is -Br; m is the integer 3 or 4; Q is -Br or -I; 
and R is C(C n H 2n+1 ) 2 , wherein n is an integer from 1 to 3; and T is -SO" 3 . 

The analytical test strip of any of claims 1 and 2 wherein X is -Br; Y is -N0 2 ; Z is -Br; Q is -I, m is the integer 3; 
and R is C(CH 3 ) 2 . 



The analytical test strip of any of claims 1 to 3 wherein the phenolsulfonephthalein protein error indicator and the 
merocyanine protein error indicator are included in the test strip in a molar ratio of from about 1 0 to 1 to about 1 to 1 . 

The analytical test strip of any of claims 1 to 4 wherein the phenolsulfonephthalein protein error indicator and the 
merocyanine protein error indicator are included in the test strip in a molar ratio of from about 5 to 1 to about 2 to 1 . 

An analytical test strip for the detection of protein in a biological sample comprising an absorbent carrier impreg- 
nated with a phenolsulfonephthalein protein error indicator and a merocyanine protein error indicator, the phenol- 
sulfonephthalein protein error indicator is the compound: 




Z 

wherein: 



X is -I, -Br, or -CI; 

Y' is -N0 2 or -NO; 

Y" is -I, -Br, or -CI: and 

Z is -I, -Br, or -CI; and the merocyanine protein error indicator is the compound: 
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ov-oh 



wherein: 

m is an integer from 1 to 6; 

Q is -Br, -I, or CI; 

T is -SO" 3 or -H; and 

R is S, Se, O or C(C n H 2n+1 ) 2 , 

wherein: 

n is an integer from 1 to 6. 

The analytical test strip of claim 6 wherein the phenolsulfonephthalein protein error indicator and the merocyanine 
protein error indicator are included in the test strip in a molar ratio of from about 10 to 1 to about 1 to 1. 

A method for the detection of protein in a biological sample, the method comprising the steps of: 

a) wetting an analytical test strip with the biological sample, the test strip including an absorbent carrier im- 
pregnated with a phenolsulfonephthalein protein error indicator and a merocyanine protein error indicator, the 
phenolsulfonephthalein protein error indicator is the compound: 



HO 




OH 



Z 



wherein: 



X is -I, -Br, or -CI; 

Y is -N0 2 or -NO; and 

Z is -I, -Br, or -CI; and the merocyanine protein error indicator is the compound: 
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(CH 2 )m-T 



OH 



wherein: 

m is an integer from 1 to 6; 

Q is -Br, -I, or CI; 

T is -SO" or -H; and 

R is S, Se, O or C(C n H 2n+1 ) 2 , 

wherein: 

n is an integer from 1 to 6; and 

b) observing and recording any color change of the test strip, wherein a color change is indicative of protein 
in the biological sample. 

A method for the detection of protein in a biological sample, the method comprising the steps of: 

a) wetting an analytical test strip with the biological sample, the test strip including an absorbent carrier im- 
pregnated with a phenolsulfonephthalein protein error indicator and a merocyanine protein error indicator, the 
phenolsulfonephthalein protein error indicator is the compound: 



HO 




OH 



X 



wherein: 



X is -I, -Br, or -CI; 

Y' is -N0 2 or -NO; 

Y" is -I, -Br, or -CI; and 

Z is -I, -Br, or -CI; and the merocyanine protein error indicator is the compound: 



20 



EP 0 517 050 B1 




l (CH 2 )m-T 

wherein: 

m is an integer from 1 to 6; 

Q is -Br, -I, or CI; 

T is -SO" 3 or -H; and 

R is S, Se, O or C(C n H 2n+1 ) 2 , 

wherein: 

n is an integer from 1 to 6; and 

b) observing and recording any color change of the test strip, wherein a color change is indicative of protein 
in the biological sample. 



Patentanspruche 

1. Analytischer Teststreifen zum Nachweis von Protein in einer biologischen Probe, welcher einen absorbierenden 
Trager umfaGt, der mit einem Phenolsulfonphthalein-Protein-Fehlerindikator sowie einem Merocyanin-Protein- 
Fehlerindikator impragniert ist, wobei der Phenolsulfonphthalein-Protein-Fehlerindikator die Verbindung: 




worin gilt: 

X ist -J, -Br oder -CI, 

Y ist -N0 2 oder -NO, und 

Z ist -J, -Br oder -CI, 



und wobei der Merocyanin-Protein-Fehlerindikator die Verbindung sind: 
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(CH 2 )m-T 



worin gilt: 

m ist eine ganze Zahl von 1 bis 6, 

Q ist -Br -J Oder -CI, 

T ist -S0 3 " Oder -H, und 

R ist S, Se : O Oder C(C n H 2n+1 ) 2 , 

worin n eine ganze Zahl von 1 bis 6 ist. 

Analytischer Teststreifen gemaB Anspruch 1 , worin X -Br oder -J : Y -N<0 2 , Z -Br, m die Zahl 3 oder 4, Q -Br oder 
-J, R C(C n H 2n+1 ) 2 , worin n eine ganze Zahl von 1 bis 3 ist, und T -S0 3 " sind. 

Analytischer Teststreifen gemaft einem der Anspruche 1 und 2, worin X -Br Y -N0 2 , Z -Br, Q -J, m die Zahl 3 und 
R C(CH 3 ) 2 sind. 

Analytischer Teststreifen gemaR einem der Anspruche 1 bis 3, worin der Phenolsulfonphthalein-Protein-Fehlerin- 
dikator und der Merocyanin-Protein-Fehlerindikator im Teststreifen in einem Molverhaltnis von ca. 10 zu 1 bis ca. 

1 zu 1 enthalten sind. 

Analytischer Teststreifen gemaG jedem der Anspruche 1 bis 4, worin der Phenolsulfonphthalein-Protein-Fehlerin- 
dikator und der Merocyanin-Protein-Fehlerindikator im Teststreifen in einem Molverhaltnis von ca. 5 zu 1 bis ca. 

2 zu 1 enthalten sind. 

Analytischer Teststreifen zum Nachweis von Protein in einer biologischen Probe, welcher einen absorbierenden 
Trager umfaRt, der mit einem Phenolsulfonphthalein-Protein-Fehlerindikator und einem Merocyanin-Protein-Feh- 
lerindikator impragniert ist, wobei der Phenolsulfonphthalein-Protein-Fehlerindikator die Verbindung: 



worin gilt: 

X ist -J, -Br oder -CI, 
Y' ist -N0 2 oder -NO, 
Y" ist -J, -Br oder -CI, und 
Z ist -J, -Br oder -CI, 

und wobei der Merocyanin-Protein-Fehlerindikator die Verbindung sind: 



HO 




OH 



X 
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MCH 2 )m-T 

worin gilt: 

m ist eine ganze Zahl von 1 bis 6, 

Q ist -Br -J oder -CI, 

T ist -S0 3 _ oder -H, und 

R ist S, Se ; O oder C(C n H 2n+1 ) 2 , 

worin n eine ganze Zahl von 1 bis 6 ist. 

Analytischer Teststreifen gemafB Anspruch 6, worin der Phenolsulfonphthalein-Protein-Fehlerindikator und der 
Merocyanin-Protein-Fehlerindikator im Teststreifen in einem Molverhaltnis von ca. 10zu 1 bis ca. 1 zu 1 enthalten 
sind. 

Verfahren zum Nachweis von Protein in einer biologischen Probe, wobei Stufen enthalten sind, in denen man 

a) einen analytischen Teststreifen mit der biologischen Probe benetzt, wobei der Teststreifen einen absorbie- 
renden Trager aufweist, der mit einem Phenolsulfonphthalein-Protein-Fehlerindikator und einem Merocyanin- 
Protein-Fehlerindikator impragniert ist, und wobei der Phenolsulfonphthalein-Protein-Fehlerindikator die Ver- 
bindung: 




Z 



worin gilt: 

X ist -J, -Br oder -CI, 

Y ist -N0 2 oder -NO, und 

Z ist -J, -Br oder -CI, 

und wobei der Merocyanin-Protein-Fehlerindikator die Verbindung sind: 
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Q 




worin gilt: 

m ist eine ganze Zahl von 1 bis 6, 

Q ist -Br, -J Oder -CI, 

T ist -S0 3 _ oder -H, und 

R ist S, Se, O oder C(C n H 2n+ -|) 2) 

worin n eine ganze Zahl von 1 bis 6 ist, und man 

b) eine Farbanderung des Teststreifens beobachtet und erfaGt, worin die Farbanderung ein Anzeichen von 
Protein in der biologischen Probe darstellt. 

Verfahren zum Nachweis von Protein in einer biologischen Probe, wobei Stufen enthalten sind, in denen man 

a) einen analytischen Teststreifen mit der biologischen Probe benetzt, wobei der Teststreifen einen absorbie- 
renden Trager aufweist, der mit einem Phenolsulfonphthalein-Protein-Fehlerindikator und einem Merocin-Pro- 
tein-Fehlerindikator impragniert ist, und wobei der Phenolsulfonphthalein-Protein-Fehlerindikator die Verbin- 
dung: 




Z 

worin gilt: 

X ist -J, -Br oder -CI, 
V ist -N0 2 oder -NO, 
Y" ist -J, -Br oder -CI, und 
Z ist -J, -Br oder -CI, 

und wobei der Merocyanin-Protein-Fehlerindikator die Verbindung sind: 
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Q 

\cH 2 )m-T 

worin gilt: 

m ist eine ganze Zahl von 1 bis 6, 

Q ist -Br, -J Oder -CI, 

T ist -S0 3 " oder -H, und 

R ist S, Se, O oder C(C n H 2n+ -|) 2) 

worin n eine ganze Zahl von 1 bis 6 ist, und man 

b) eine Farbanderung des Teststreifens beobachtet und erfaRt, worin die Farbanderung ein Anzeichen von 
Protein in der biologischen Probe darstellt. 



R even di cat ions 

1 . Bandelette d'essai analytique pour la detection de proteines dans un echantillon biologique, comprenant un support 
absorbant impregne avec une phenolsulfonephtaleine en tant qu'indicateur d'erreur proteinique et avec une me- 
rocyanine en tant qu'indicateur d'erreur proteinique, I'indicateur d'erreur proteinique constitue par une phenolsul- 
fonephtaleine etant un compose: 




Z 



dans lequel: 

X represente -I. -Br ou -CI; 
Y represente -N0 2 ou -NO; et 

Z represente -I, -Br ou -CI; et I'indicateur d'erreur proteinique constitue par une merocyanine etant un compose: 
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Q 




(CH 2 )m-T 



OVOH 



dans lequel: 

m est un entier de 1 a 6; 

Q represente -Br, -I ou -CI; 

T represente -S0 3 " ou -H; et 

R represente S, Se, O ou C(C n H 2n+1 ) 2 , 



n est un entier de 1 a 6. 

Bandelette d'essai analytique selon la revendication 1, dans laquelle X represente -Br ou -I; Y represente -N0 2 ; 
Z represente -Br; m represente rentier 3 ou 4; Q represente -Br ou -I; et R represente C(C n H 2n+1 ) 2 ou n est un 
entier de 1 a 3; et T represente -S0 3 ". 

Bandelette d'essai analytique selon Tune quelconque des revendications 1 et 2, dans laquelle Xrepresente -Br; Y 
represente -N0 2 ; Z represente -Br; Q represente -I; m represente rentier 3; et R represente C(CH 3 ) 2 . 

Bandelette d'essai analytique selon Tune quelconque des revendications 1 a 3, dans laquelle I'indicateur d'erreur 
proteinique constitue par une phenolsulfonephtaleine et I'indicateur d'erreur proteinique constitue par une mero- 
cyanine sont inclus dans la bandelette d'essai dans un rapport molaire d'environ 10 a 1 a environ 1 a 1 . 

Bandelette d'essai analytique selon I'une quelconque des revendications 1 a 4, dans laquelle I'indicateur d'erreur 
proteinique constitue par une phenolsulfonephtaleine et I'indicateur d'erreur proteinique constitue par une mero- 
cyanine sont inclus dans la bandelette d'essai dans un rapport molaire d'environ 5 a 1 a environ 2 a 1. 

Bandelette d'essai analytique pour la detection de proteines dans un echantillon biologique, comprenant un support 
absorbant impregne avec une phenolsulfonephtaleine en tant qu'indicateur d'erreur proteinique et avec une me- 
rocyanine en tant qu'indicateur d'erreur proteinique, I'indicateur d'erreur proteinique constitue par une phenolsul- 
fonephtaleine etant un compose: 



ou 



HO 




OH 



Z 



dans lequel: 
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-CI; 
NO; 
-CI; et 

CI; et I'indicateur d'erreur proteinique constitue par une merocyanine etant un compose: 



Q 




dans lequel: 

m est un entier de 1 a 6; 

Q represente -Br, -I ou -CI; 

T represente -S0 3 _ ou -H; et 

R represente S, Se, O ou C(C n H 2n+1 ) 2 , 

ou: 

n est un entier de 1 a 6. 

Bandelette d'essai analytique selon la revendication 6, dans laquelle I'indicateur d'erreur proteinique constitue par 
une phenolsulfonephtaleine et I'indicateur d'erreur proteinique constitue par une merocyanine sont inclus dans la 
bandelette d'essai dans un rapport molaire d'environ 10 a 1 a environ 1 a 1. 

Procede pour la detection de proteines dans un echantillon biologique, le procede comprenant les etapes consis- 
tant a: 

a) humidifier une bandelette d'essai analytique avec I'echantillon biologique, la bandelette d'essai englobant 
un support absorbant impregne avec une phenolsulfonephtaleine en tant qu'indicateur d'erreur proteinique et 
avec une merocyanine en tant qu'indicateur d'erreur proteinique, I'indicateur d'erreur proteinique constitue par 
une phenolsulfonephtaleine etant 



HO, 

x- 
z 
z 



dans lequel : 

X represente -I, -Br ou -CI; 
Y represente -N0 2 ou -NO: et 
Z represente -I, -Br ou -CI; et I'indicateur d'erreur proteinique constitue par une merocyanine etant un com- 
pose: 



X represente -I. -Br ou 

Y" represente -N0 2 ou - 

Y" represente -I, -Br ou 

Z represente -I, -Br ou - 



i compose: 




OH 
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Q 




dans lequel: 

m est un entier de 1 a 6; 

Q represente -Br, -I ou -CI; 

T represente -S0 3 " ou -H; et 

R represente S, Se, O ou C(C n H 2n+ i) 2) 

ou: 

n est un entier de 1 a 6; et 

b) observer et enregistrer tout changement de couleur de la bandelette d'essai, un changement de couleur 
indiquant la presence de proteines dans l'echantillon biologique. 

Procede pour la detection de proteines dans un echantillon biologique, le procede comprenant les etapes consis- 
tant a: 

a) humidifier une bandelette d'essai analytique avec l'echantillon biologique, la bandelette d'essai englobant 
un support absorbant impregne avec une phenolsulfonephtaleine en tant qu'indicateur d'erreur proteinique et 
avec une merocyanine en tant qu'indicateur d'erreur proteinique, I'indicateur d'erreur proteinique constitue par 
une phenolsulfonephtaleine etant un compose: 




Z 



dans lequel: 

X represente -I, -Br ou -CI; 
Y' represente -N0 2 ou -NO: 
Y" represente -I, -Brou -CI; et 

Z represente -I, -Br ou -CI; et I'indicateur d'erreur proteinique constitue par une merocyanine etant un com- 
pose: 
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Q 




MCH 2 )m-T 



dans lequel: 

m est un entier de 1 a 6; 

Q represente -Br, -I ou -CI; 

T represente -S0 3 _ ou -H; et 

R represente S, Se, O ou C(C n H 2n+1 )2, 

ou: 

n est un entier de 1 a 6; et 

b) observer et enregistrer tout changement de couleur de la bandelette d'essai, un changement de couleur 
indiquant la presence de proteines dans I'echantillon biologique. 
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FIG. 1 

SCHEMATIC OF PROCESSES FOR THE SYNTHESIS 

OF NITROSO SUBSTITUTED PHENOLSULFONEPHTHALE IN 

PROTEIN ERROR INDICATORS. 
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FIG. 2 



SCHEMATIC OF PROCESSES FOR THE SYNTHESIS 
NITRO SUBSTITUTED PHENOLS ULFONEPHTHALE IN 
PROTEIN ERROR INDICATORS - 
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FIG. 3 

SCHEMATIC OF PROCESSES FOR THE SYNTHESIS OF MEROCYANINE 
PROTEIN ERROR INDICATORS. 
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400 200 300 

ALBUMIN (mg/dl) 



FIG. 4- 

DOSE RESPONSE CURVES OF ANALYTICAL STRIPS 
IMPREGNATED WITH DIDNTB , SPDIB AND A 
POLYPROPYLENE GLYCOL HAVING A MOLECULE 
WEIGHT OF 2000 (~A -), AND ALBUSTIX (-B -). 
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Albumin conctntrittcn, m<j/dl 



FIG.5 

BAR GRAPH ILLUSTRATING THE DOSE RESPONSE OF 
ANALYTICAL TEST STRIPS IMPREGNATED WITH DIDNTB 
AND SPDIB ALONE (-« -), DIDNTB, SPDIB AND 
FENOIL D4040 (-0 -), DIDNTB, SPDIB AND P-2000 
(_Q_), DIDNTB, SPDIB AND KOK 1 0,071 (- QD ">» 
AND DIDNTB, SPDIB AND LUTANOL 130 ( - d -)• 
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